WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification * : 
A61F 2/14,2/16 



Al 



(11) International Publication Number : WO 89/ 02251 

(43) International Publication Date: 23 March 1989 (23.03.89) 



(21) International Application Number: PCT/US88/03020 

(22) International Filing Date: 9 September 1988 (09.09.88) 

(31) Priority Application Number: 095,360 

(32) Priority Date: 10 September 1987 (10.09.87) 

(33) Priority Country: US 

(71X72) Applicant and Inventor: NIELSEN, James, McHen- 
ry [US/US]; Sunset Coachman Center, Suite 300, 2339 
Sunset Point Road, Clearwater, FL 33575 (US). 

(74) Agents: STONE, Samuel, B. et al.; Lyon & Lyon, 611 
West Sixth Street, 34th Floor, Los Angeles, CA 90017 
(US). 



(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
of amendments. 



(54) Title: MULTIFOCAL INTRAOCULAR LENS 




BEST AVAILABLE COPY 



(57) Abstract 

Multifocal lenses (1) are formed having a substantially circular central region (22) having a first optical power, sur- 
rounded by a plurality of concentric ring regions (24, 26, 28, 30) which alternate between at least two optical powers, one 
of which may be the first optical power. Preferably, the central region (22) is powered for near vision. For example, one 
embodiment of the invention is a bifocal lens (1) having a central near-vision portion (22), a first concentric ring region 
(24) powered for distance vision, and a second concentric ring region (26) having the same power as the central region 
(22). 
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DESCRIPTION 



Multifocal Intraocular Lens 

Background of the Invention 

The present invention relates to multifocal 
5 intraocular lens for implantation in the human eye having 
a plurality of concentrically-arranged regions alternately 
powered for differing vision ranges , e.g., near and far 
vision, surrounding a substantially circular central 
region . 

10 Various lenses have been disclosed which have 

circular central region surrounded by a single ring. For 
example, U.S. Patent No. 3,420,006 discloses bifocal 
contact lenses in which a central region powered for 
distance vision is surrounded by a ring powered for near 

15 vision, while U.S. Patent No. 3,270.007 discloses the 
reverse configuration. U.S. Patents Nos. 3,726,587 and 
4,636,049 also disclose bifocal contact lenses in which a 
central region powered for near vision is surrounded by a 
ring powered for far vision. These latter lenses are said 

20 to work better than earlier lenses having the near-vision 
portion outside the distance portion. 

U.S. Patent No. 4,573,775 discloses soft multi- 
focal contact lenses having a vertical array decreasing 
power. U.S. Patent No. 4,580,882 discloses a contact lens 

25 in which the power varies continuously outward from a 
central area for distance vision. 

U.S. Patent No. 4,636,211 discloses bifocal 
intraocular lenses having a central region powered for 
near vision and a single surrounding ring powered for 

30 distance vision. 

Each of these earlier disclosures offers some 
optical theory as to the reason for operation of a par- 
ticular lens design, and U.S. Patent Nos. 3,72 6,387, 
4,636,049 and 4,636,211 specify particular preferred sizes 
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for the near and far vision portions. Such size specifi- 
cations represent a compromise, however, in order to 
provide adequate light collecting area in both the far and 
near vision segments if significant pupillary excursion 
5 occurs under different lighting conditions. This com- 
promise is necessary if the known lenses are to provide 
both distance and near vision at both extremes of high and 
low lighting levels and thus small and large pupillary 
aperture, but leads to decreased efficiency of near vision 

10 at low lighting levels (assuming a near-vision central 
portion) and decreased efficiency for far vision at high 
light levels. The claimed invention overcomes this 
difficulty, thus providing bifocal intraocular lenses 
which more closely approximate the vision range of a 

15 natural lens* 

Summary of the Invention 

According to the invention, multifocal lenses 
are f ormed having a substantially circular central region 
having a first optical power, surrounded by a plurality of 

20 concentric ring regions which alternate between at least 
two optical powers, one of which may be the first optical 
power. Thus, the concentric ring regions begin with an 
innermost ring region having a power different from the 
power of the ring region, with the proviso either that at 

25 least one of the ring regions has the same power as the 
central region, or that at least two of the ring regions 
have the same power. Preferably, the central region is 
powered for near vision. For example, one embodiment of 
the invention is a bifocal lens having a central near- 

30 vision portion, a first concentric ring region powered for 
distance vision, and a second concentric ring region 
having the same power as the central region. 
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Brief Description of the Drawing 

Figure 1 shows a sectional view of a human eye 
with the intraocular multifocal lens implanted in the 
anterior chamber. 

Figure 2 shows a sectional view of a human eye 
with the intraocular lens implanted in the posterior 
chamber. 

Figure 3 shows a sectional view of a human eye 
with an intraocular multifocal lens permanently fixed on 
the cornea beneath the epithelium. 

Figure 4 shows a sectional view of a human eye 
with an intraocular multifocal lens permanently fixed in 
the cornea in the stroma layer. 

Figure 5 shows a sectional view of a human eye 
with an intraocular multifocal lens permanently fixed in 
a pocket in the cornea between the epithelium and endothe- 
lium. 

Figure 6 shows a sectional view of a human eye 
with an intraocular multifocal lens permanently fixed 
inside the cornea* 

Figure 7 is a plan view of an intraocular 
bifocal lens according to the invention. 

Figure 8 shows a sectional view of the intra- 
ocular lens having a plano-convex shape. 

Figure 9 is a sectional view of the intraocular 
multifocal lens having a bi-convex shape. 

Figure 10 shows a convex-plano-convex lens. 

Figure 11 shows a convex-concave intraocular 

lens • 

Detailed Description of the Invention 

Intraocular lenses are surgically implanted 
lenses used as a replacement for, or in some cases as an 
adjunct to the natural lens. For example , after a cat- 
aract or clear lens extraction operation in which the 
natural lens is removed , an intraocular lens may be im- 
planted in either the anterior chamber 8 or the posterior 
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chamber 12 of the human eye 10 as shown in Figures l and 
2 respectively. In either case, the lens may be affixed 
in place using any of a wide variety of haptic designs 
which are well known in the art. 
5 Intraocular lenses may also be implanted by 

corneal-inlay techniques, i.e., they may be surgically 
placed in various positions in or on the cornea 7. 
Figures 3-6 exemplify these various positions within the 
cornea; i.e., just below the epithelial layer (Fig. 3), 

10 within the stroma layer (Fig* 4) , within the cornea in a 
surgically created pocket (Fig. 5), and against the inner 
corneal surface (Fig. 6) . The intraocular lens according 
to the invention may advantageously be utilized in any of 
these environments. 

15 Figure 7 shows one embodiment of a bifocal in- 

traocular lens according to the invention. This lens 1 
has a substantially circular central region 22, a first 
concentric ring region 24 coaxially surrounding the 
central region 22, and three more concentric ring regions 

20 26, 28 and 30 coaxially surrounding the first concentric 
ring region 24. If the central region 22 is powered for 
near vision, then concentric ring regions 24 and 28 are 
powered for far vision, while concentric ring regions 26 
and 30 are powered for near vision. In this way, an 

25 alternating pattern of near-far-near-far-near is obtained 
in the central and ring regions of the lens . In other 
embodiments of the invention, fewer or more concentric 
ring regions might be used. In addition, rings having 
additional powers may be incorporated in an alternating 

30 fashion to give a multifocal lens. In a multifocal lens, 
the concentric ring segments may be an alternating array 
of regions of two or more powers all of which are dif- 
ferent from the power of the central circular region. 
Alternatively, the ring segments may include rings of the 

35 same power as central circular region, along with ring 
segments of two additional powers. Thus, for example, in 

ei IDCTITI ITC CUCPT 



a trifocal lens having lens powers designated A, B, and C, 
the concentric rings might be arrayed as B-OB, B-C-B-C, 
B-C-A-B, or B-C-A-B-C around a central circular portion of 
power A. 

5 The intraocular lens according to the invention 

advantageously may have a piano-convex shape (Figure 8) or 
a bi-convex shape (Figure 9) . In addition , lenses accord- 
ing to the invention may have a convex-concave shape 
(figure 10) or a convex-plano-convex shape (Figure 11) or 

10 a biconcave shape. 

Pseudophakic eyes generally exhibit less pupil- 
lary excursion than average , due to the general tendency 
for this type of surgery to be performed on elderly 
patients who exhibit varying degrees of senile miosis. In 

15 addition, some degree of miotic behavior may be the result 
of the surgery itself. Nevertheless , some degree of pupi- 
llary excursion due to differing lighting conditions and 
the normal accommodation for close focusing occurs in many 
patients. The lenses according to the invention provide 

20 superior vision of both near and far objects throughout 
the range of pupillary excursion. This is achieved by 
selecting the relative sizes of the regions such that as 
the pupillary aperture changes the portion of a bifocal 
lens exposed always has about one-half of the pupillary 

25 area powered for near vision and the other half powered 
for far vision. In a multifocal lens having three or more 
powers , the relative areas are similarly balanced to 
achieve optimum light transmission for segments of each 
power under all conditions. 

30 In practice, this can be achieved with a lens 

having an overall diameter of about 6 to 7 mm in which the 
central region is from 1 mm to 3 mm and the concentric 
ring regions have a radial thickness of about 0.125 mm or 
more. Given the normal diameter for the lens, the maximum 

35 radial thickness of any one ring region is about 2 mm. 
The rings can differ in radial thickness, for example by 
becoming successively narrower so that the area of the 
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rings is constant, or the radial thickness of the rings 
can be kept constant. The eye size and extent of pupil- 
lary excursion in an individual patient should be con- 
sidered in establishing the actual dimensions of a lens. 
5 The lenses according to the invention provide 

multifocal vision by relying upon the nervous system^ 
inherent ability to selectively perceive one of two or 
more sets of optical inputs, e.g. , near and far objects. 
In order for adequate differentiation and rapid neuro- 

10 transfer between the two sets of inputs to be achieved, a 
difference in effective power of at least 2.5 diopters is 
generally necessary although this will vary somewhat from 
patient to patient. Some patients may achieve effective 
neurotransfer with differences as low as 1 diopter , while 

15 others may require differences as large as 3 diopters. In 
additional corneal inlay usage will require a lesser dif- 
ference because of the increased distance from the retina. 

The actual powering of the far and near vision 
regions is selected based on the needs of the individual 

20 patient, but the average patient will require a power of 
+10 to +30 diopters in the far vision regions of the lens, 
and a power of +10 to +40 diopters in the near vision 
region of the lens. 

The lenses according to the invention can be fabri- 

25 cated by lathe cutting, compression or injection molding, 
photoetching, milling or electro-forming. The near optic 
may be placed on either surface of the lens with the power 
corrected accordingly. Similarly, the concentric ring 
regions may be formed by varying the curvature of con- 

30 centric ring portions on either the inner or outer sur- 
face, or both. The lenses may also be fabricated using 
materials having different refrative indices for the near 
and far vision regions. 
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Claims 

1. A multifocal lens adapted for intraocular 
implantation in a human eye comprising a transparent lens 
body having a substantially circular central region having 

5 a first optical power; and a plurality of concentric ring 
regions coaxially surrounding said central region, the 
innermost of said ring regions having a second optical 
power different from said first optical power, and each 
subsequent ring region having an optical power different 

10 from the optical power of the ring region immediately 
inward therefrom, with the proviso that said plurality of 
concentric ring regions include either at least one ring 
region having sid first optical power, or at least one 
ring region having said first optical power, or at least 

15 two ring regions which have the same power. 

2. A lens according to claim 1, wherein the 
central region is powered for near vision. 

3. A lens according to claim 1. wherein the 
lens is a bifocal lens, and the subsequent ring regions 

20 are alternately of said first and second powers. 

4. A lens according to claim 3, wherein the 
central region and ring regions are sized such that over 
an average range of a patents pupillary excursion about 
one-half of the exposed portion of the lens is powered for 

25 near vision. 

5. A lens according to claim 1 wherein the 
central region is from about 1 to 3 mm in diameter. 

6. A lens according to claim 5, wherein the 
concentric ring regions have a radial thickness of from 

30 about 0.125 mm to about 2 mm. 
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7. A lens according to claim 6, wherein the 
concentric ring regions all have equal area. 

8. A lens according to claim 1, wherein the 
concentric ring regions all have equal thickness. 

9. A lens according to claim 1, further com- 
prising haptics for fixing the lens within the anterior or 
posterior chamber of the eye. 

10. A bifocal lens according to claim 1, 
wherein the difference between the near and far vision 
powers is from about 1 to 3 diopters. 
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FIG. 6. 
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FIG II. 
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